The effect of residual stress resulted from the manufacturing process on the performance of bogie frame has been attracting more and more attention with the increasing of running speed of maglev vehicle, which could develop cracks on the frame and compromise the operational safety.
INTRODUCTION
The demand for train speed increase by users is increasing under the premise of the continuous development of medium-low speed maglev train. The operating environment of the maglev train is becoming more and more complicated when the train running speed is increased to 160-200 km/h. As the most critical part of the whole vehicle, the maglev train bogie supports the weight of the vehicle and transmits traction and braking force, which operating status is directly related to the safety of the entire vehicle. As the speed of the medium-speed maglev train increases, the traction force will increase appropriately on the basis of the original low-velocity traction force. The resulting stress and impact dynamic load of the bogie traction transmission will cause a surge of local stress, which result in increase in the stress and impact dynamic load of the bogie traction transmission causes a surge in local stress. Therefore, it is necessary to carry out non-destructive testing analysis of the internal stress distribution of the frame components and the service period of the materials. Non-destructive testing technology is playing an important role in the highlevel maintenance of urban rail vehicles. Nowadays the NDT methods mainly include magnetic powder, X-ray, ultrasonic and electromagnetic non-destructive testing. Among them, electromagnetic non-destruction has its unique advantages compared to other types of testing [1] . However, general electromagnetic nondestructive testing technology can't meet the current situation of steering frame maintenance. Magnetic Barkhausen noise on measurement of residual stresses in the nondestructive testing is a new technology [2] . In 1919, the German physicist Barkhausen the first time discovered the Barkhausen effect. He observed ferromagnetic hysteresis loop of materials and found: curve is not smooth, see changes which jitter level amplified, known as the Barkhausen transition. Nondestructive testing techniques based on the Barkhausen effect have little research on magnetic floatation [3] [4] . Therefore, the development of the Barkhausen detection system for the bogie frame is particularly important. This paper presents a experiment system designed for residual stress detection and the principle of electromagnetic stress detection is expounded, finite element simulation analysis on magnetization device is carried out using ANSYS Maxwell, and the effect of magnetization under different excitation conditions is analyzed. The feasibility of the online magnetic detection method of internal stresses in bogie frame is verified through the simulation, which would provided the basis for bogie frames internal stresses detection.
DETECTION PRINCIPLE
The Barkhausen effect is a sudden discontinuous motion of the magnetic domain wall when the ferromagnetic material is magnetized to release elastic stress -strain wave phenomenon. The voltage pulse generated by this effect on the surface receiving coil of the sample is called Barkhausen noise, which is abbreviated as MBN [5] .
According to the ferromagnetic theory, when the external magnetic field H = 0, the material is magnetically neutral and the domain walls are in equilibrium. When an external magnetic field is present, the domain wall displacement gradually increases from the reversible wall shifting stage. The strength required to move the domain wall to the demarcation point is the critical magnetic field strength 0 H :
where 0 µ is the magnetic permeability of material, s M is the saturation magnetization, θ is the small angle at which the magnetic domain moment is rotated by the action of the external magnetic field in the direction of easy magnetization, E is the domain wall energy per unit area, x is the displacement.
Wall shift occurs when the magnetic field strength increases slightly above 0 H . As the strength of the magnetic field continues to increase, the domain wall again jumps, with dE/dx further increasing. Therefore, as the strength of the magnetic field increases, several hopping domain wall movements may occur. All Barkhausen jumps in a complete magnetization process come together to form MBN. During the magnetization of the material, microscopic defects and residual stresses inside the material can hinder the movement of the magnetic domain walls. In the process of magnetic domain wall displacement, it is necessary to overcome the potential energy barrier caused by uneven stress, impurities, holes and other factors inside the material. Therefore, the characteristics of the MBN signal can reflect the magnetic domain structure and motion law of the ferromagnetic material, which in turn reflects the microstructure and stress state of the material [6] [7] [8] .
When the induction coil is placed on the surface of the material, it can receive the Barkhausen noise generated by the material during the magnetization process [9] [10] . Through the acquisition and analysis of the noise signal, the relationship between the residual stress and other characteristics and the characteristic value of the Barkhausen noise signal is studied.
TESTING TECHNIQUES AND INSTRUMENTS
The functional blocks of the testing instruments are shown in Fig. 2 . The excitation detecting sensor comprises a U core magnet and a probe. The magnetization device is composed of a U core magnet and an exciting coil wound on the magnet. To produce Barkhausen noise, a magnetizing field is generated and applied to a ferromagnetic material through an electromagnet [3, 4] . The material reacts to the magnetic field and emits Barkhausen noise, which are captured by a probe consisting of a coil of conducting wire. The signal is filtered and amplified. The amplitude is calculated and the data is digitized for display and output to storage meanwhile. 
ESTABLISHMENT OF FINITE ELEMENT SIMULATION MODEL
The simulation model is shown in Fig. 3 . It mainly includes U-shaped magnetic core, excitation coil, and steel plate to be tested. Material properties assigned to the established electromagnetic mechanism: The magnetic core is made of cold rolled non-oriented silicon steel lamination, the material of the excitation coil is copper, the material to be tested is made of carbon steel, The geometric parameters of the excitation coil and specimen are listed in Tables 1, and 2 . The boundary is set to the boundary of the balloon, and the inner and outer gaps of the sensor device are set to air. Maxwell 3D software performs meshing methods automatically, adaptively and manually. The software recommends that the user manually split the data to more accurately analyze the static characteristics. Fig. 2 shows the result of manual splitting, defining the total number of cells of the core and the grid to be tested as 10 000. The mesh of the coil and air is adaptively split. 
NUMERICAL RESULTS

Magnetic Field Distribution
The excitation coil is applied with a current of 1.0 A, observe the distribution of the magnetic field lines in the magnetic permeability loop and the magnetic induction intensity distribution of the surface layer of the sample material. The magnetization effect is shown in Fig. 5 and Fig. 6, wherein Fig. 5 shows the magnetic field distribution of the magnetic permeability loop. Fig. 6 shows the magnetic induction distribution of the sample. It can be seen that the magnetic magnetic yoke and the sample material constitute a conduction magnetic circuit, and the surface layer portion of the sample reaches the magnetization effect. Therefore, the excitation device design meets the requirements, and the excitation effect on the test piece can be achieved. 
The Effect of Lift-off on Excitation
Lift-off is a problem that has always been faced and needs to be solved in electromagnetic testing, and it has also become one of the main factors hindering the further development of electromagnetic defect detection technology. Liftoff refers to detecting the distance between the sensor and the tested part. When the relative position between the detecting sensor and the test piece changes, the degree of interaction between the detecting sensor and the test piece changes, and the detecting sensor and The effect of the change in distance between the test pieces on the detection of the sensor signal is called the "lift-off effect". In the Barkhausen excitation simulation experiment, and the aipgap is 0 mm-1.0 mm, as shown in Fig. 7 , the consequence of lift-off on the excitation effect. As the lift-off distance increases, the magnetic field induction intensity in the steel plate decreases exponentially, which is due to the increased distance between the detection sensor and the test piece, and the degree of interaction is weakened. Therefore, in order to improve the excitation effect of the Barkhausen effect excitation probe, the lift distance should be reduced as much as possible. 
CONCLUSION
The feasibility of using the Barkhausen effect for detecting stress of bogie frame is investigated. According to the Barkhausen effect detection principle, an excitation detection sensor device is designed for the force-receiving parts of the medium-speed maglev train bogie frame. The electromagnetic field finite element analysis software is used to analyze the part of the designed magnetization device. From the above simulation analysis results, it can be concluded:
1) It can be seen from the magnetic line and the magnetic induction intensity map that the magnetic yoke and the material to be tested constitute a magnetic magnetic circuit, and the surface layer of the test piece achieves the magnetization effect. Therefore, the magnetizer meets the design requirements.
2) Lift-off is a key issue in electromagnetic testing. As the lift-off distance increases, the magnetic field induction intensity in the steel plate decreases exponentially. Therefore, in order to improve the excitation effect of the Barkhausen effect excitation probe, the lift distance should be reduced as much as possible.
The theoretical study demonstrates the feasibility of the proposed approach. Experimental validation of the inspection process is currently underway.
